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(54) Hot-rolled steel sheet and method for forming hot-rolled steel sheet having low yield ratio, 
high strength and excellent toughness 



(57) The present invention provides a hot-rolled 
steel sheet having a low yiekJ ratio, a high specific 
strength, and excellent toughness. The hot-rolled steel 
sheet comprises: 0.005 to less than 0.030 weight per- 
cent of carbon, 1 .5 weight percent or less of silicon, 1.5 
weight percent or less of manganese. 0.020 weight per- 
cent or less of phosphorus, 0.01 5 weight percent or less 
of sulfur, 0.005 to 0.10 weight percent of aluminum, 
0.0100 weight percent or less of nitrogen. 0.0002 to 
0.0100 weight percent of boron, at least one element 
selected from the group consisting of 0.20 weight per- 
cent or less of titanium and 0.25 weight percent or less 
of niobium in an amount to satisfy (Ti+Nb/2)/C s 4. and 
balance iron and incidental impurities. The metal struc- 
ture is selected from the group consisting of ferrite and 
bainitic ferrite. The amount of caiton dissolved in grairis 
ranges from 1.0 to 4.0 ppm. The present invention also 
provides a method for producing a hot-rolled steel „ 
sheet. The method includes hot-rolling a steel slab con- 
taining the above components, cooling at a rate of. 
between 5 to not more than 20''C/sec., and then coiling 
at a temperature ranging from over 550*^0 to TOO^C. 
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Description 



BACKGRni If^ip OF THP lM»CMTinK, 

The present invention relates to a hot-rofledefooiehaaf ..... . 

.ectureandclvilengineerinB.e.e<*Hcr2?s21SS^'^^^ 

■uBu luoes ror oil wens, and otijer general structural materials. 

" 2. Descrintinn ^ the Ralatf^ 

environments. "sour fyds'.i.e. wet hydrogen sulfide 

A conventional mettiod of produdng hot-rolled steel sheeis ha«n„ «K. 
strengthening step by fining the micro sln«*ure acSS^b^i^TealTe^^^^^^ "l"^' '""'^^ « 

control process (TMCP).- as disclosed in Japanese uSSeriSJ^fArr.r^^"^' *ermo-mechanical 
Nos. 62-23.056 and 62-35.452. The conveS^^t£l2S2 al^ k '"^"^^ P^*^'* 
quent to the hot-rolling step ^ • « quenching or controlled cooling step subse- 

ble ductile fracture. 5"®" required to prevent buckling and unsta- 

the rolling direction of the materiaS^tC^kls it tai^S ^^^^^ inhomogenS^^ 
tional method aeates some inhomogeneity S le tSt^^^l^ ma^enal quality. Accordingly, the conven- 

3) The conventional TMCP reouires a hl^i r«M "'t? ^ ^ ^ ^^'"^ directions, 
austenrte crystal grain™ ,^SJ^^:a2S^*«;^ 

rolling line, and limits the upper si2e Of JiS^n^^^^ 

4) Strengthening elements used in the conventional TMCP «;.',rh =.e .V, 
cantly affect material properties ie hais^ 

d^reased toughness a^thewSsit-c^retnSS^^ =«*on.'and 
achieve high strength by the TMCP while maintairg ScS^eS^^S^^'^^^^ ' 
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the thickness and length directions. d^^Si^n Ir^.^'^'^^ material inhomogeneity in 

an ot^ect Of the invention top,ovideap«*iSi%^raS^ 

properties. *^ ""^"9* "^■«^'«* steel sheet having the above<lescribed 

less. The tcghness at the ftBcSire tr^t^,n t^^ZJvT^) i^^^^^^ is 80% or less, and prefeiaWy 70%"; 

• P'^'^'^y (corresponding ^5^?^ /^^^^ """'^ 

's 300 J or more, and preferably 310J or more T>,e iX^p.^ u ^® ^'^'^ energy (vEo 

0.3TS-vT,s. is 300 or more, and preferaWy 32nr ^eTe 'T^ ♦^"' ^'"^ 

ton and the base metal (AHv) 1 00 or lei. pre^ya^c^ ^T!fi^ 

m terms of vTrs is O'C. and preferably "^"^ ("AZ) 

. Thefollowingconclusion hasbeiireached aS?t^^ 
elemem to a low carbon steel via an ex^eSy ^iSS '^L!^^ ^ ^ P'^^'t^ins 

."proved, and the YR is deaeased t^seVd^^^^Z '^^^ °' '^'^^ "«t"x « 

itant affects the improved strength; 3) the 1^ T^^^i^ll^°" grains: 2) the carbide predp- 

tional steels having a low dissolS cLb^^J'^^'^?°^^ 9^"^ *at is cbsenred in cSnve^ 
by a ferrite (induding bainitic feirite) single SaSiiSr ^ ^ ""^^^ 
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In accordance with the present invention, a hot-rolled steel sheet having a low yield ratio, a high strength, and 
excellent toughness, comprises: 0.005 to less than 0.030 weight percent of carbon (C), 1 .5 weight percent or less of 
silicon (St). 1 .5 weight percent or less of manganese (Mn), 0.020 weight percent or less of phosphorus (P), 0.01 5 weight 
percent or less of sulfur (S). 0.005 to 0.10 weight percent of aluminum (Al), 0.0100 weight percent or less of nitrogen 
(N), 0.0002 to 0.0100 weight percent of boron (B), at least one element selected from 0.20 weight percent or less of 
titanium (Ti) and 0.25 weight percent or less of niobium (Nb) in an amount to satisfy (Ti+Nby2)/C & 4, and balance iron 
and incidental impurities. The metal structure comprises ferrtte and/or bainttic ferrite, and the carbon content is cfis- 
solved In grains ranging from 1 .0 to 4.0 ppm. 

The hot-rolled steel sheet having a low yield ratio, a high strength, and excellent toughness further comprises at 
least one element selected from the group consisting of: 1 .0 weight percent or less of molylxlenum, 2.0 weight percent 
or less of copper, 1.5 weight percent or less of nickel. 1.0 weight percent or less of chromium, and 0.10 weight percent 
or less of vanadium. 

The hot-rolled steel sheet having a low yield ratio, a high strength and excellent toughness further comprises at 
least one element selected from the group consisting of: 0.0005 to 0.0050 weight percent of calcium, and 0.001 to 0.020 
weight percent of a rare earth metal. 

A method of making a hot-rolled steel sheet having a low yield ratio, a high strength and excellent toughness, com- 
prises: hot-rolling a steel slab containing: 0.005 to less than 0.030 weight percent of carbon (C), 1.5 weight percent or 
less of silicon (Si). 1 ,5 weight percent or less of manganese (Mn). 0;020 weight percent or less of phosphorus (P), 0.015 
weight percent or less of sulfur (S). 0.005 to 0.10 weight percent of aluminum (Al), 0.0100 weight percent or less of 
nitrogen (N), 0.0002 to 0.01 00 weight percent of boron (B), and at least one element selected from 0.20 weight percent 
or less of titanium (Ti) and 0.25 weight percent or less of niobium (Nb) in an amount to satisfy (Tl+Nb/2)/C s 4; cooling 
at a rate of from 5 to not more than 20'C/feec. ; and then coiling at a temperature ranging from over 550'C to 700^C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph illustrating the correlatbn between the amount of carbon dissolved in grains and the yiekl 
strength (YS). 

Figure 2 is a graph illustrating the correlation between the amount of carbon dissolved in grains and the tensile 
strength (TS). 

Rgure 3 is a graph illustrating the correlation between the amount of carbon dissolved in grains and the fracture 
transition temperature (vTrs). 

Rgure 4 is a graph illustrating the correlation between the amount of carbon dissolved in grains and the yield ratio 
(YR). 

Figure 5 is a graph Illustrating the correlation between the amount of carbon dissolved in grains and 0.3TS-vTrs. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hot-rolled steel sheets of the present invention, each having a thickness of 12 to 20 mm, were produced by hot- 
rolling steel slabs containing 0.003 to 0.030 weight percent of carbon. 0.4 weight percent of silicon. 0.6 weight percent 
of manganese, 0.010 weight percent of phosphorus, 0.0020 weight percent of sulfur. 0.035 weight percent of aluminum, 
0.001 8 to 0.0043 weight percent of nitrogen, 0.0008 to 0.0015 weight percent of boron, 0 to 0.12 weight percent of tita- 
nium, and 0 to 0.25 weight percent of niobium. The hot-rolled steel sheets satisfy the formula: (Ti+Nb/2)/G e 2 - 10, at 
a slab reheating temperature (SRT) of 1,200'G. a finishing delivery temperature (FDT) of 880*0, a cooling rate after 
hot-rolling of 3 to 30**C/sec.. and at a coiling temperature (GT) of 500 to 750*G. When the coiling temperature GT 
exceeds 750'*C. the cooling rate is the amount of time it takes until the temperature reaches yoO'^G. ' 

The hot-rolled steel sheets were tested to determine the amount of carbon dissolved in grains, the physical prop- 
erties, such as yiekJ strength (YS). tensile strength (TS), and yield ratio (YR = YS/TS ). brittle fracture transition tem- 
perature (vTrs), and the calculation of 0.3TS (MPa) - vTrs (•C) based on such data. The YS was based upon the value 
at 0.5% strain according to the API standard. This value conesponds to 0.2% proof stress for a non-aging steel, or a 
lower yield stress for an aging steel. 

The anK>unt of carbon dissolved in grains was evaluated by using the aging index (Al). The aging index indicates 
the hardening extent of the sample having 7.5% pre-strain after the heat treatment at 100*^C for 30 minutes. The aging 
index Is not affected by the amount of carbon dissolved in the interfece. However, the aging index is related to the 
amount of carbon dissolved in grains as follows: G (ppm) = 0.20 x Al (MPa). The amount of carbon dissolved by the 
internal friction method for low carbon hot-rolled steel sheets cannot be determined because this method is affected by 
the amount of caft>on dissolved in the grain boundary, the grain size, and the grain shape. 

General strengthening, such as precipttatbn and dissolution strengthening, deteriorates the toughness and 
increases the vTrs. The toughness deterioration must, therefore, be taken into account prior to comparing the tough- 
ness of steel sheets having different strengths. The change or toughness due to strengthening is equivalent experimen- 
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^nlt^l^ Sf'^l'^"'^*' ^11°^^ '^'^ " "-^"^^ °' ^'9^^ - vTrs. the better the toughness after 
S^S? K ^« toughness obtained by such a method represents the toughness due to the 

onginal toughness of the crystalline matrix, and the toughness based on fine grains. 

s abo^^^^^T^t^*^^^ ^^'"^ ^"^ sheets having the 

J ^ demonstrate that an excellent toughness and a low yield ratio are obtainable when the amount of 

carbon dissolved m grains IS controlled to between 1.0 and 4.0 ppm «»a >ioumw 

10 dZZon ftedecreased dislocation fixed in the dissolved cartjon. and the relatively increased mo^e 

hpnJj"fIr*^HS ";^!^«*j»""se of a decrease in the energy absorbed. The energy absorbed is decreased 

"^HI'TI'JS® '® decreased when the amount of carbon dissolved in grains is deaeased to less thanl 0 

liTJIii ■ 

«f JilS'^f !^ toughness and low yield ratio are thereby produced by controlling the amount 

of caibon dissolved in grains to a range of between 1.0 and 4.0 ppm aieamoum 

DrooII?r^«i^l° '"•'^'^^.1?^ ^ structure of a steel sheet having the abovedescribed 
properties. The fbllqwing is a detailed discussion of the chemical compositions of the steel sheet. 

1) Carbon: 0.005 weight npTftftnt to Ibrr thg.^ o pan weigf^ pa^^^.^ 

hi. .nfll"" °* Precipitation strengthening in the presence of titanium and ni^ 

S iL «, ^ coarsening of the grains. High strength cannot be achieved with a carton content 

rt l^than 0.005w«gW percent unless an excessive amount of strengthening elemert is ad^^^ 
a tendency to grow in the welding section. This growth results in rupture due to softening 

_ Conversely. <ts difficult to decrease the amount of carbon dissolved in grains to a predetermined amount when car- 
ter "mfrf ' ^'^Z P"'*^"*' " « <^ ™<*ium and titanium are added. Z- 
SJ^Ln.""^ «H ' ^ '^'"^^ "^^^ i" tf-e welding section. 

preferred amount of carbon ranges from 0.015 to 0.028 weight percent. !• " 

2) Silicon: 1 .5 weight parr-flnf [oyf; 

r.^"^l strengthening element and only minimally affects the toughness of steel having a low dissolved 
f^ ^ J:'°^' *"'^°""*°'''''~"^''^'"9 1-5 weight percentdecreases both the toughness Sd S 

3) Manganese- 1 g y/^ ^ percertt or l«»gR 

ha^n^!? "i?"' *«'^«"'"9 element. However, adding more than 1.5 weight percent increases the 
221^ i lT"^ ^ ""^^ '^"^e--- formation d martensHe islands 

h^^!L SJ"^ *~ manganese decreases the diffusion speed of the dissolved car- 

!» JSI!' *® °* '^^l^*^ 9ra'"s caused by the cartide precipitation. Thus 

» 4) Phosphorus: 0.020 wbI^ pft fcent or less 

Phosphorus does not affect the toughness of steel having a carbon content in accordance with the present inven- 
toon. However, rnore than 0.020 weight percent of.phosphorus significantly deterioratis the toughnes? tte S 
^*ephosphorus.ssetat0.020weiflhtpercertorles8.Preferably.0.0l2wei8htpe««rtal^XiS^ 
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5) Sulfur: 0.015 weight percent or less 

Sulfur decreases the sour resistance of the steel sheet because of sulfide formation. The amount of sulfur is dimin- 
ished as much as possible. Thus, the maximum amount of sulfur is 0.015 weight percent or less. Preferably, 0.005 
5 weight percent or less should be used. 

6) Aluminum: 0.005 to 0.10 weight percent 

Aluminum is used for the deoxidation of the steel, and the fixation of nitrogen. In order to achieve such effects, at 
10 least 0.005 weight percent of aluminum must be added into the steel. However, more than 0. 10 weight percent of alu- 
minum raises the material cost too much. Thus, between 0.005 and 0.10 weight percent of aluminum should be used, 

7) Nitrogen: 0.0100 weight percent or less 

15 Nitrogen decreases the toughness and increases the YR when dissolved. Nitrogen is, therefore, fixed in the form 
of nitrides of titanium, aluminum and boron. Too much nitrogen increases the material costs since titanium, aluminum 
and boron are expensive. It is, therefore, desirable to reduce the nitrogen content. The maximum amount of nitrogen is 
0.01 00 weight percent or less. Preferably, 0.0050 weight percent or less should be used. 

so 8) Boron: 0.0002 to 0.0100 weight percent 

Boron is essential to secure both toughness and strength, since it prevents the excessive growth of crystal grains. 
Boron, is also essential to prevent the precipitation of coarse carbides at Ngher temperatures due to the decreased 
transformation temperature. Boron cannot provide these advantages at less than 0.0002 weight percent. Conversely, 
25 adding more than 0.01 00 weight percent of boron causes decreased toughness due to an excessive quenching effect. 
Thus, between 0.0002 and 0.0100 weight percent of boron should be used. Specifically, between 0.0005 and 0.0050 
weight percent of boron should be used. 

9) Titanium: 0.20 weight percent or less. Niobium: 0.25 weight percent or less, and (T\+Ub/2)/C s 4 

30 

Titanium and niobium are inportant elements of the present invention. Titanium and niobium control the amount of 
carbon dissolved in grains by precipitating the dissolved cart)on. and form titanium carbide and niobium carbide. This 
formation inaeases strength due to precipitation strengthening. The formula (Ti+Nb/2)/C s 4 must be satisfied to 
achieve tiiese advantages. However, excessive amounts of titanium and niobium increase inclusions, and thus 
35 decrease the toughness at the weW section. Therefore, no more tiian 0.20 weight percent or less off titanium is used, 
and no more than 0.25 weight percent or less of niobium is used. Additionally, the prefenred range of tiie fonnula 
(Ti+Nby2)/C is between 5 and 8. 

In addition to the basic components explained above, molybdenum, copper, nickel, chromium, vanadium, calcium, 
and/or at least one rare eartii metal may be added. The prefen-ed amounts of each element is as follows: 1.0 weight 
40 percent or less of molybdenum, 2.0 weight percent or less of copper. 1 .5 weight percent or less of nickel. 1.0 weight 
percent or less of chromium, and 0.10 weight percent or less of vanadium. 

These elements can be used as strengthening elements. However, too much of each of these elements decreases 
toughness at tiie weld section. Thus, the preferred amount of each of these elements is limited to ttie above-described 
ranges. 

45 

10) Calcium: 0.0QQ5 to 0.0050 weight percent and Rare Earth Metal: 0 001 to 0.020 weight percent 

Calcium and any rare earth metal operate to sphere the shape of the sutfides and thus improve the toughness, the 
sour resistance, and the welding propertes. Howo/er. too much of these elements decrease toughness because of. 
so increased inclusions. Therefore, the amount of each of tiiese elements is limited to tiie above-described ranges. 

1 1 ) Metal Structure and Carbon Content Dissolved into Grains: 

The metal structure of the present invention must be femte and/or bainitic ferrite. Adding the proper amount of 
55 these structures can decrease macroscopic defects, decrease toughness, and prevent sour resistance, even after high 
precipitation sfrengthening. In contrast, conventional steels use a complex micro structure comprising ferrite and pearl- 
ite that includes many maaoscopic defects for strengthening. 

The amount of carbon dissolved in grains must be limited to between 1 .0 and 4.0 ppm (by weight) to achieve excel- 
lent toughness and low yiekJ ratio, as shown in Figs. 1 through 5. 
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12) Ck>olinQ Rate after Hnt-Rnlling - 

13) Coiling Temper;^ ir^ (PT). 

The adjustment of the amount of carbon dissolved in araine Hi.a ^r*^-w^ • rx x- 

^ and oiiiingtenperature after hot-roll^^^^ _ , 

reheating to a slab reheating temperature (SRT) of bSf^2'i%n5???' be hot-rolled after 

by the decreaid ^l^Z^ ' ^ ^eerystalteabon temperature is decreased to app«»dmately 900-C 
Tlhe fuishing tWckness after hot-rdli^^ 
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observed. The observed mechanical properties include yield strength, tensile strength, yield ratio, brittle fracture tran- 
srtion temperature, absorbed energy at O^C, 0.3TS-vTrs. and hydrogen Induced cracking (HIC) as a measure of the sour 
resistance. Additionally, subsequent to electric resistance welding each sheet by tubing mill, the weld section was eval- 
uated based on Vickers maximum hardness (Hv). the difference of hardness between the weld section and base metal 
(AHv), and the brittle fracture transition temperature of coarse grains at the heat affected zone. 

The amount of carbon dissolved in grains was calculated from the above-described Al by the following equation: 
The carbon content (ppm) = 0.20 x Al (MPa). The tensije strength of the steel sheet is determined by using a JIS #5 
test piece according to JIS Z2201 . The impact test was carried out by using a Charpy test piece according to JIS 22202. 

The HIC was determined according to NACE TM-02-84. The test solution used was the NACE solution specified in 
NACE TM01 77-90. The HIC was evaluated as follows: Q 90o6 when no crack is found by an ultrasonic survey; a fairy 
for crack size of less than 1 percent represented by crack sensitivity ratio (CSR); and X no good for crack size of 1 per- 
cent or more. 

Table 2 summarizes the metal structure and the amount of carbon dissolved in grains. Table 3 summarizes the 
mechanical properties and the sour resistance. 

Tables 1-1 - 3-2 demonstrate that each of the hot-rolled steel sheets of the present invention have the following 
properties. Regarding the base metal properties, the yieW strength (YS) is 276 MPa or more, the yield ratio (YR) is 80% 
or less, the brittle fracture transition temperature (vTrs) is -1 10"C or less, the Charpy absorbed energy at 0°C (vEo) is 
300 J or more, the O.STS-vTrs is 300 or more, and the sour resistance is good. On the weld section, the hardness dif- 
ference between the weld section and the base metal (AHv) is 100 or less, the brittle transition temperature (vTrs) at the 
heat affected zone (HA2) is 0*C or less. Thus, the steel sheet in accordance with the present invention has a low yiejd 
ratio, a high strength, excellent inpact properties, high sour resistance, and excellent welding properties. 

In particular, samples 1 A. 2A, 3 through 6, and 8 through 16 have excellent properties. The YS of each base sheet 
is 41 3 MPa or more, the YR is 70% or less, the vTrs is -1 20*0 or less, the vEo is 03TS-vTrs is 320 or more, the AHv is 
30 or less, and the vTrs at HAZ is - 20''C or less. 

At least one of the following characteristics including: toughness, yield ratio, properties at the weld sectton, and 
sour resistance, is adversely affected when the steel sheets include properties outside of the above-described limits. 

In accordance with the present invention as set forth above, a hot-rolled steel sheet has excellent toughness, weld- 
ing properties, and sour resistance. The hot-rolled steel sheet also has a low yield ratio, without material inhomogeneity 
in the thickness and longitudinal direction. Thus, the hot-rolled steel sheets are strong and tough enough for use as 
architectural tubes and columns. The hot-rolled steel sheets are also resistant to sour fluids and can, therefore, be 
formed into electric resistance welded tubes for oil wells. 
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1 . A hot-rolled steel sheet having a low yield ratio, a high specific strength, and excellent toughness. 



comprising: 
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0.005 to less than 0.030 weight percent of carbon (C), 
1 .5 weight percent or less of silicon (Si), 
1 .5 weight percent or less of manganese (Mn). 
0.020 weight percent or less of phosphorus (P). 
5 0.015 weight percent or less of sulfur (S) , 

0.005 to 0.10 weight percent of aluminum (Al), 
0.01 00 weight percent or loss of nitrogen (N), 
0.0002 to 0.0100 weight percent of tx)ron (B). 

at least one element selected from the group consisting of: 0.20 weight percent or less of titanium (Ti) and 0,25 
10 weight percent or less of niobium (Nb) in an amount to satisfy (Ti+Nb/2)/C a 4, and 

balance iron and incidental impurities; 

wherein, the metal structure is selected from the group consisting of: fen'ite and balnitic ferrrte. and the carbon 
content dissolved In grains ranges from 1 .0 to 4.0 ppm. 

15 2. A hot-rolled steel sheet having a low yield ratio, a high specific strength, and excellent toughness according to claim 
1 , wherein the hot-rolled steel sheet further comprises at least one element selected from the group consisting of: 

1 .0 weight percent or less of molybdenum, 
2.0 weight percent or less of copper, 
20 1 .5 weight percent or less of nickel, 

1 .0 weight percent or less of chromium, and 
0.10 weight percent or less of vanadium. 

3. A hot-rolled steel sheet having a low yield ratio, a high specific strength, and excellent toughness, according to 
25 claim 1 . wherein the hot-rolled steel sheet further comprises at least one element selected from the group consist- 
ing of: 

0.0005 to 0.0050 weight percent of calcium, and 
0.001 to 0.020 weight percent of a rare earth metal. 

30 

4. A method of producing a hot-rolled steel sheet having a low yield ratio, a high specific strength, and excellent tough- 
ness, comprising the steps of: 

hot-rolling a steel slab containing: 
0.005 to less than 0.030 weight percent of cartx>n (C). 
1 .5 weight percent or less of silicon (Si), 
1 .5 weight percent or less of manganese {hAn), 
0.020 weight percent or less of phosphorus (P), 
0.01 5 weight percent or less of sulfur (S), 
0.005 to 0.10 weight percent of aluminum (Al), 
0.0100 weight percent or less of nitrogen (N). 
0-0002 to 0.0100 weight percent of boron (B). and 

at least one element selected from the group consisting of 0.20 weight percent or less of titanium (Ti) and 0.25 
weight percent or less of niobium (Nb) in an amount to satisfy (Ti+Nb/2)/C s 4; 
cooling at a rate of between 5 and not more than 20''C/sec.; and then 
coiling at a temperature ranging from over SSO^'C to TOO^'C. 
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(57) The present invention provides a hot-rolled 
steel sheet having a low yield ratio, a high specific 
strength, and excellent toughness. The hot-rolled steel 
sheet comprises: 0.005 to less than 0.030 weight per- 
cent of cartx>n, 1 .5 weight percent or less of silicon. 1.5 
weight percent or less of manganese. 0.020 weight per- 
cent or less of phosphorus. 0.01 5 weight percent or less 
of sulfur, 0.005 to 0.10 weight percent of aluminum. 
0.0100 weight percent or less of nitrogen. 0.0002 to 
0.0100 weight percent of boron, at least one element 
selected from the group consisting of 0.20 weight per- 
cent or less of titanium and 0.25 weight percent or less 
of niobium in an amount to satisfy (Ti+Nby2)/C ^ 4, and. 
balance iron and inckiental impurities. The metal struc- 
ture is selected from the group consisting of ferrite and 
bainitic ferrite. The amount of cartx>n dissolved in grains 
ranges from 1 .0 to 4.0 ppm. The present invention also 
provides a method for producing a hov-rolled steel 
sheet. The method includes hot-rolling a steel slab con- 
taining the above components, cooling at a rate of 
between 5 to not more than 20''C/sec., and then coiling 
at a temperature ranging from over 550°C to 700*'C. 
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